Development of Multiband Antenna for High frequency Applications  by Jothilakshmi, Mrs.P. & Raju, S.
Procedia Engineering 30 (2012) 1013 – 1019
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.958
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
International Conference on Communication Technology and System Design 2011 
Development of Multiband Antenna for High frequency 
Applications 
Mrs.P. Jothilakshmia , S. Rajub,  a* 
aECE, Velammal College of Engineering & Technology, Madurai-625009, India   
                                                      b ECE, Thiagarajar College of Engineering, Madurai-625016, India 
 
Abstract 
This paper proposes the new inclined Continuous Transverse Stub (CTS) antenna.CTS is a technology which exploits the low-
loss, low-dispersion, dimensional robustness. The need for using CTS is achieving Omni-directional radiation pattern in the 
horizontal plane and reduction in reflection loss due to good input impedance. Coaxial CTS antenna are designed for operating 
frequency range 1GHz to 20 GHz and their corresponding specific applications in S Band, C Band, X-Band and Ku Band (6GHz in 
wireless power sensor and for 16 GHz in satellite broadcasting). This CTS antenna array technology is mainly suitable for high 
frequency radar, Point to point Communication and Satellite Communication. Using simulation tool CST MICROWAVE STUDIO 
SUITE 2008, the various properties of the proposed model were analyzed by finite integral method (FIT). Using this simulation 
tool, we obtain transmission coefficient, reflection loss. These parameters help to find the operating frequencies. The finite integral 
method is free of spurious solutions. We observed this fact while calculating the modal frequencies of rectangular and circular 
waveguides. 
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1. Main text  
Continuous Transverse Stub antenna produces broadside radiation pattern. Continuous transverse stub (CTS) 
resides in conductive plates of a parallel plate waveguide may be utilized as a reactive or Radiating element in 
microwave. Precise control over amplitude and excitation is obtained by varying the physical parameters. Incident 
waveguide modes excite a current across the stub-parallel plate interface, producing equivalent x-travelling 
waveguide mode. The continuous transverse stub (CTS) antennas and antenna array were originally invented and 
patented by Hughes Aircraft Company in the early 1990[1]. Benefits of the CTS antenna include compact size, light 
weight, low cost, increased directive gain with increased radiating elements, and high efficiencies. The CTS antenna 
finds applications in the areas of satellite communications and various military radar systems operating in the 1-20 
GHz frequency band. A new coaxial version of the CTS technology with Omni directional radiation pattern and 
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multiband operation were recently reported. In particular, it was demonstrated that multiband performance at the 6, 
8 and 16 GHz frequency band with equivalent radiated power (98%) and good impedance match is possible to 
achieve using this technology. The coplanar waveguide CTS (CPW-CTS) antenna described in this paper makes use 
of the CTS technology in a planar microstrip configuration [3] and produces a broadside radiation pattern with a 
maximum in the z direction, perpendicular to the plane of the antenna. Coaxial CTS structures offer several 
additional advantages over planar CTS. They provide an Omni-directional radiation pattern in the plane of the 
radiating stubs (perpendicular to the transmission line) as there is no azimuthal dependence in the designed 
cylindrical stubs. Secondly, coaxial structures are inherently easier to impedance match, thus providing higher 
efficiency and facilitate system integration with other coaxial structures. The designed structure using CST Studio 
software is used to redesign the PBG structures and improve the bandwidth capability. Coaxial CTS antenna could 
generate Omni-directional pattern and usually has a finer pass band [4]. But it needs a cascaded structure to give 
desired gain and multi-band operation. CST Microwave Studio® is used to analyze coaxial CTS antenna, which is 
electromagnetic simulation software based on finite integral method. The basic idea of this approach is to apply the 
Maxwell‟s equations in integral form to a set of staggered grids. This method stands out for easy design 
Design procedures for a coaxial CTS array include choosing the following parameters for both of the high and  low 
frequency sections like Larger stub width L2 (max), Smaller stub width L2 (min), Dielectric constant of filler 
dielectric (εr), Diameter of inner conductor D1, Diameter of the outer conductor D2, Diameter of the stub D3. The 
value of coaxial transmission line impedance is, 
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 In earlier models, each stub was designed for a particular band of operation and the physical design associated was 
frequency specific. Thus the width of stub remained fixed at every point on the stub surface. In the Inclined structure 
the width of the stub is linearly varying from the top to the bottom of the stub. The bottom width, which is lesser in 
length, depends on the higher frequency component which we have chosen. The upper width, which is relatively 
longer in length, depends on lower frequency components. The stub width L1 is selected (in both cases) to be one 
half of the wavelength of the input EM wave whose nature depends on the contained dielectric material that fills the 
stub. While designing the antenna [3] the ratio between the parameters must be maintained correctly. In this design 
the ratio between D2 and D1 determines the coaxial transmission line impedance. The ratio between D3 and L1 must 
be high that is the diameter of the stub must be greater than that of stub width. This ratio determines the radiation 
efficiency. Another significant feature in the design is dependency of operation band and parameters L1, D3. When 
we increase either the value of D3 or reduce the value of L1 there is a shift in frequency of operation towards low 
frequency. The total length of the antenna array is ,      
 
LENGTH = L1 * N + L2 * (N-1)   -----------         (2) 
 
This model is the conceptual derivative of basic model, In the previous models [1], [2] at the designed frequency 
both S11 and S21 reaches its extreme values that is the S11 reaches its minimum and the S21 reaches its maximum 
value. It implies that the maximum power is transmitted from the port1 to port 2 and all the energy transmitted is 
absorbed by the matched termination. So instead of providing a matched termination, if we provide a radiating 
element as a terminal the transmitted power will get radiated fully without any absorption. Here in this design a 
monopole is act as a terminal element. The coaxial cable impedance value is chosen as 50Ω from equation (1), 
because it is commercially available. This design offers low insertion loss and improvement in the radiation pattern. 
Almost the pattern is Omni-directional in nature. Compared to basic model here the stubs are designed by varying 
the inclination. 
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Figure1: Basic CTS Antenna Array Structure 
                                                                                                               Figure2: Basic designed 2- element CTS     
                                                                                                                                                 Antenna Array    
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       Figure1: Basic CTS Antenna Array                                              
 
Design of this antenna includes the determination of the following parameters: Larger stub width L2 (max) ; Smaller 
stub width L2 (min); Dielectric constant of filler dielectric εr; Diameter of inner conductor D1; Diameter of the outer 
conductor D2; Diameter of the stub D3. 
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 Figure.2 shows the V-shaped antenna Structure.  Parameters of  V-Shaped antenna is, radius of inner conductor (1.5 
mm) ; radius of outer conductor (3.45 mm); radius of radial Stub (18.35 mm ) ; Length of inner Conductor (12.5 
mm); Distance of separation between stubs (4.5 mm);inclination angle (4.10). Two radial stubs are inclined in 
positive and negative angle and to form a V-Shaped CTS antenna Structure. This Structure not only improves the 
bandwidth and also reduce the size of CTS antenna array. Single V-Shaped antenna offers a frequency band as 1 to 
5 GHz, particularly this design radiated  for WLAN application. Figure 3 to 6 shows the S-Parameter and Radiation.  
 
Figure3: S Parameter S-Parameter Plot for 2.4 GHz V-shaped CTS Fig4: VSWR plot of 2-element V-shaped CTS antenna           
                   Antenna array (S11 and S21 ).                                                                             Antenna array.    
                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure5: Radiation pattern Polar plot of V-shaped               Figure 6: 3-D radiation pattern plot of 2.4GHz   
               V- Shaped 2-element CTS antenna.                                      Shaped 2-element CTS antenna.       
 
 
S-parameter plot shows that there is a reduction in insertion loss and improvement in radiation pattern compared to 
previous results [1]. The 2-element CTS antenna array is fed by 50Ω coaxial transmission line. Some results are got 
through the electromagnetic simulation. Figure 7 Shows the 2-element CTS V-shaped antenna array. More number 
of elements are combined to improve the gain and band of operation.       
Table 1:  Result of 2- Element V-shpaed CTS  Antenna Array 
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Frequency(GHz) S21(dB) Radiation 
efficiency (%) 
Gain (dB) 
8 -100 90.02 5.69 
12 -60 99.8 7.911 
    
Table 1. Shows the dimensions of the proposed 2 –element V-Shaped antenna array.In Fig.8 and Fig.9 there are two 
lines which attain extreme values near 6 GHz and at 12 GHz; S21 reaches its maximum and S11 reaches minimum. 
The reason for providing multiple stubs in an array is to improve the antenna gain.  When the reflection loss S11 
reaches the minimum, an expectant transmission appears at the input port, for most energy runs into the coaxial line. 
At the time when the transmission coefficient S21 arrives at minimum point, the least energy is received at the 
matching load. The situation that S11 and S21 reach minimum simultaneously may be expected. The radiation 
efficiency of this design at the desired frequency is 90.02% for 8GHz and 99.8% for 12 GHZ and the resultant 
pattern obtained is Omni-directional. From the analysis of the result we infer that the parameters L1 and D3 have 
major influence on the frequency of operation. . The ratio between L1 and D3 must be maintained to get an effective 
radiation pattern. Here we take two parameters as a reference to analyse the dependency of CCTs antenna on its 
parameters. The two parameters are Stub width (L1), Stub Radius (R3). For the analysis keep anyone of the 
parameters as constant and varying the value of another parameter below and above the designed value. First, keep 
stub radius (R3) as a constant and vary the value of stub width (L1). The radiation efficiency and gain can be further 
improved by connecting more elements and form an array structure. This cascading structure not only improves the 
efficiency, it also improves the bandwidth of operation. It appears that the radiation pattern is Omni-directional in 
horizon plane. 
  
 
 
Figure11: Prototype of the proposed V-Shaped                      
                 antenna array. 
 
Figure12:  VSWR measurement of proposed V-shaped antenna 
array                  
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Figure 11. and Figure 12. shows the prototype of proposed antenna and its VSWR value. VSWR at 2.5 GHz is 1.4.  
 This shows that it is good result obtained from this model. Further this can be improved in future.  
 
 
Conclusions 
 
As far as our objective is concerned, design and analysis of a number of basic available models [1],[2],[3] 
were done and their results were analyzed. From the results obtained and depending on the need of the present 
wireless communication systems, we intuited and designed a number of novel indigenous models. From these 
models it can be judged that almost similar parametric operations are obtained. To increase the number of elements  
improve the radiation pattern of the design, improve bandwidth and reduces side lobe level. Thus the need for 
different designs for multi-band operations gets eliminated. The structures can be fine tuned to get optimum results 
in future. 
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